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During adolescence, the sleep phase delay associated with early school times increases daytime sleepiness and reduces
psychomotor performance. Some studies have shown an effect of gender on psychomotor performance in adults and children.
Males present faster reaction times (RT) compared with females. The aim of the present study was to evaluate the influence of
gender on Palm psychomotor vigilance task (PVT) performance in adolescents. Thirty-four adolescents (19 girls, 13 to 16 years
old) attending morning school classes of a public school in Curitiba, PR, Brazil, participated in the study. Sleep patterns were
measured using actigraphy and sleepiness data were accessed with the Karolinska Sleepiness Scale (KSS). KSS and PVT
measurements were collected at two times in the morning (8:00 and 11:00 h). The data were compared using one-way ANOVA,
considering gender as a factor. ANOVA indicated that gender did not affect sleep patterns and subjective somnolence; however,
a statistically significant effect of gender was detected for PVT performance. Boys presented faster RT (RT-PVT1: 345.51 ms,
F = 6.08, P < 0.05; RT-PVT2: 343.30 ms, F = 6.35, P < 0.05) and fewer lapses (lapses-PVT1: 8.71, F = 4.45, P < 0.05; lapsesPVT2: 7.82, F = 7.06, P < 0.05) compared with girls (RT-PVT1: 402.96; RT-PVT2: 415.70; lapses-PVT1: 16.33; lapses-PVT2:
17.80). These results showed that this effect of gender, already reported in adults and children, is also observed in adolescents.
The influence of gender should be taken into account in studies that use Palm PVT to evaluate psychomotor performance in this
age range.
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Introduction
Sleep/wake cycle patterns change throughout development. Adolescents, individuals in the transitional stage
of physical and mental human development that occurs
between childhood and adulthood, tend to go to bed and
get up later (1-4). This phase delay, in addition to early
school starting times, reduces sleep duration and increases
daytime sleepiness levels on weekdays (5-7), with an
impact on school performance (6,8).
Recently, more interventions are focusing on reducing
the consequences of sleep phase delay. Some of these
interventions are related to changes in school schedules
while others focus on changes in sleep habits; they are
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generically called sleep education programs (9,10). Results of these programs have shown an improvement in
sleep habits, sleep quality and students knowledge about
sleep (9,10). Nevertheless, few studies have evaluated
the impact of such programs on sleep patterns and have
obtained only subjective sleep parameters in the analysis.
Subjective sleepiness and sustained attention are parameters that are altered in situations of partial sleep
deprivation (11). The first can be measured by means of
the Karolinska Sleepiness Scale (KSS) (12,13). The psychomotor vigilance task (PVT) (14,15) has been used in
sleep research as an objective measure for the assessment of sustained attention and alertness. PVT results
throughout the day reflect a circadian modulation of neuro-
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behavioral functions as well as the effect of sleep pressure
developing with time awake (16-20).
Few studies have evaluated PVT performance in children and adolescents (21,22). PVT is based on simple
visual reaction time (RT), a response given to a circle
presented briefly on a Palm LCD screen. The Palm PVT
version of the task is designed to be used in field studies
(23). Venker and colleagues (21), in a study with children
6-11 years of age, showed that RTs of boys were faster
than those of girls. This gender difference tends to disappear when older children are compared (21). Blatter and
colleagues (18) reported significantly slower RTs in women
compared to men, both in young adults (20 to 31 years)
and in healthy elderly individuals (57 to 74 years). A study
that used a 2– and 4–choice task showed significantly faster
RTs in men than in women. The authors suggested that
this difference is caused by different strategies adopted by
both genders to achieve optimal results when performing
the PVT; in women by avoiding anticipations (accuracy)
and in men by being as fast as possible (quickness) (24).
In recent years, we have developed interventions to
reduce diurnal sleepiness and increase performance in
adolescents and have investigated evaluation tools and
factors related to intervention results. The objective of the
present study was to investigate gender differences on
PVT performance in adolescents.

Subjects and Methods
Participants
A group of 34 adolescents, 19 girls and 15 boys, 13 to
16 years of age (mean: 13.76 ± 0.81 years), who attended
school in the morning (7:30 to 11:45 am) at a public school
in Curitiba, PR, in southern Brazil, participated in the study.
There was no statistical difference between the average
age of the girls and boys (F = 0.14, P = 0.71; ANOVA). The
adolescents were healthy, did not present sleep disturbances and did not use medication related to the sleep/
wake cycle. The adolescents were not asked to follow fixed
bedtime or wake-up schedules and they were allowed to
drink coffee/caffeinated beverages during this time. The
time spent going from home to school was 10-30 min. The
adolescents’ parents were informed of the study recommendations by the subjects.
Procedures and Instruments
The study conformed to international ethical standards
based on the Declaration of Helsinki (25) and was approved by the Research and Ethics Committee of the
Biological Sciences Institute of the Federal University of
Paraná. The parents provided written informed consent.
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The adolescents completed a sleep log and wore an
activity monitor (Mini-Motionlogger, Zero crossing mode,
Ambulatory Monitoring Inc., USA) on their non-dominant
wrist during 5 consecutive days (3 weekdays and 2 weekend days) to record activity levels at 1-min intervals. The
actigraph data were analyzed by a software program (Action-W) for measurement of sleep onset time, sleep offset
time, and the duration of nocturnal sleep. The bedtime and
wake time from subject’s sleep log were used to guide
analysis of the actigraph data recordings. For each sleep
variable, two-way ANOVA was used with gender and day
(weekdays and weekend days) as factors. The adolescents performed a 5-min Palm version of the PVT (16) and
answered the KSS (23,24). Both the PVT and KSS measures were completed twice in the morning (8:00 and 11:00 h)
on 3 weekdays. For PVT data collection and filling in of the
KSS, the adolescents went to a test room in groups of 5 to
8 subjects each time. In order to avoid any kind of interaction, the adolescents were separated physically in this
room.
When performing the PVT, subjects were required to
respond to a visual stimulus by pressing a pushbutton as
soon as the stimulus appeared. They were instructed that
speed and accuracy performance were equally important
on all tasks. In this study, the duration of a single Palm PVT
session lasted 5 min or until 100 stimuli were presented.
Inter-stimulus intervals varied randomly from 1 to 5 s. For
each test, means were obtained for the following variables
from the PVT data: RTs, anticipations and lapses. Anticipations were defined as responses made during the interstimulus interval before the next stimulus was presented or
as an RT that was virtually impossible (<100 ms). Lapses
were defined as any reaction time >500 ms. PVT variable
comparisons were carried out by three-way ANOVA (day,
gender and time of the day as factors). Three-day means
for reaction times, anticipations and lapses for each time of
the day were compared by one-way ANOVA with gender
as a factor. Before each individual PVT, sleepiness was
assessed using the KSS that ranges from 1 to 9, in which
1 = very alert and 9 = very sleepy (26). Three-day means
for each time of the day (KSS1 and KSS2) were obtained.
Due the non-normal distribution of the data, comparisons
were carried out with the Mann-Whitney U-test with gender
as a factor. The software used was Statistica (version 7.0,
StatSoft, Inc., USA).

Results
The results of sleep patterns estimated from actigraphy
are reported in Table 1. There was no effect of gender on
sleep patterns (ANOVA). There was, however, an effect of
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day of the week on sleep patterns. Boys and Table 1. Sleep variables derived from actigraphy.
girls slept more and showed a delay on sleep
Dependent variables
Boys (N = 15)
Girls (N = 19)
onset and offset on weekends compared with
weekdays.
23:28 ± 00:12d
Sleep onset weekdays (h:min)
23:12 ± 00:16a
There was no effect of day or time of day Sleep offset weekdays (h:min)
7:16 ± 00:10b
7:06 ± 00:10e
c
Sleep
duration
weekdays
(min)
481.9
±
16
458.2
± 10 f
on results. Sleepiness was not affected by
Sleep
onset
weekend
days
(h:min)
23:40
±
0:57
23:56
± 0:55
gender.
Sleep offset weekend days (h:min)
8:36 ± 1:03
8:21 ± 1:05
There was no effect of day or time of day
Sleep duration weekend days (min)
525.8 ± 73.8
493.3 ± 76.5
on RTs. Gender had a significant effect on
mean RT at both PVT times: PVT1 (F = 6.08, Data are reported as means ± SD.
P < 0.05, ANOVA) and PVT2 (F = 6.35, P < aP < 0.05 compared to boys sleep onset weekend days; bP < 0.01 compared to
weekend days; cP < 0.05 compared to boys sleep duration
0.05). Results are shown in Figure 1. The RTs boys sleep offset
weekend days; dP < 0.01 compared to girls sleep onset weekend days; eP <
of the boys were faster than those of the girls. 0.01 compared to girls sleep offset weekend days; fP < 0.01 compared to girls
There were statistically significant gender sleep duration weekend days.
differences in lapses. Boys had fewer lapses
compared to girls for both PVT times: PVT1 (F
Table 2. Anticipations and lapses by gender using the psycho= 4.45, P < 0.05, ANOVA) and PVT2 (F = 7.06, P < 0.05).
motor vigilance task (PVT).
Anticipations were not significantly affected by gender
(ANOVA; Table 2).
Boys (N = 15)

Discussion
Our results showed an influence of gender on PVT
performance in adolescents. The relationship between
sleep reduction and performance is well known (19,26,27).
In our study, boys and girls showed similar sleep patterns
and subjective sleepiness measured by KSS. Differences
in these variables could explain, at least in part, differences detected in PVT performance.
Actually, these differences in reaction times seem to be
normal between genders and have already been observed
in children and adults (18,21,28). It is known that boys and
girls perform differently on cognitive tests (18,29). Many
studies have used performance tasks such as PVT and
other reaction time tasks to investigate the effect of sleep
restriction in children (30,31). Recently, Crowley and
Carskadon (32) reported the use of a personal digital
assistant PVT in adolescents. However, they did not investigate the influence of gender. Nevertheless, as far as we
know, our study is the first report of such influence on this
age range on Palm PVT performance.
One of the reasons for this difference could be that girls
adopt different strategies for test resolution, presenting
fewer anticipations than boys, indicating accuracy (21,26).
However, our results do not corroborate the hypothesis of
adoption of different strategies between genders as girls
did not show fewer anticipations compared with boys.
This study showed differences between adolescent
males and females in PVT performance, confirming a
tendency throughout development since there is prior evidence in studies carried out with other age groups
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Mean antecipations
PVT1
PVT2
Mean lapses
PVT1
PVT2

Girls (N = 19)

4.71 ± 4.40
4.98 ± 6.37

6.58 ± 5.19
7.28 ± 8.12

8.71 ± 7.80
7.82 ± 7.42

16.33 ± 12.13a
17.81 ± 12.93b

Data are reported as means ± SD. Tests were performed at 8
(PVT1) and 11 am (PVT2).
aP < 0.05 compared to PVT1 by boys; bP < 0.05 compared to
PVT2 by boys.

Figure 1. Reaction time by gender evaluated by the psychomotor vigilance task (PVT). Data are reported as means ± SD.
PVT1 refers to tests performed at 8 am and PVT2 refers to tests
performed at 11 am. *P < 0.05 compared to PVT1 by boys and
**P < 0.05 compared to PVT2 by boys.
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(18,21,24). One could speculate how much the toys utilized during childhood might be capable of influencing
adolescent performance on the PVT. Our results show that
gender is a factor that has to be taken into account in
studies that evaluate reaction times.
Adolescents are more susceptible to sleep deprivation
due to the combination of sleep phase delay and morning
school schedules. For this reason, the development of
tools to objectively evaluate the consequences of sleep
deprivation and the effects of sleep education programs in
this age range is required. The Palm version of the PVT
seems to be a good alternative for evaluating sustained
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attention in field studies and a tool to detect the effect of
sleep education programs on adolescent sleep patterns.
For this reason it is important to identify factors that interfere with PVT performance, such as the effect of gender
observed in this study.
Our results do not permit the identification of the causes
of these differences, which could be explained by genderintrinsic characteristics and their consequent physiological and anatomic differences. Further studies are required
to investigate the responsible inherent mechanisms related to the difference found between genders.
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